Abstract. -Total inelastic pp cross-sections are reconstructed for laboratory kinetic energies ranging from 0.3 to 400 GeV. They are obtained by fitting together the sum of total cross-sections for exclusive inelastic channels, the sum of topological cross-sections and the results for independent « direct » measurements. The inelastic np cross-sections are reconstructed in the energy range below 4.2 GeV using the sum of individual exclusive channels and the direct measurements. The cross-sections are fitted by series of generalized Laguerre polynomials insuring a correct threshold behaviour. The results of the fits are presented in tables and in figures, where they are compared with existing data. The obtained total cross-section energy dependences made it possible to determine the total cross-section for the isospin I = 0 state and to test isospin invariance predictions for individual types of reaction. The agreement of the data with the predictions is surprisingly poor in the case of NN =&#x3E; NN03C0 reactions. J. Physique 48 (1987) 1901 -1924 
The purpose of this article is to provide a phenomenological treatment of all existing nucleonnucleon inelastic total cross-section data. More specifically, we have collected the data on exclusive and inclusive total cross-sections for reactions occur- ring in the NN system. We have then fitted the energy dependences of these cross-sections by smooth curves with a reasonable number of free parameters, obtaining thereby a parametrization of (a) Present address : Institut de Physique N ucléaire, 91406 Orsay, France. the inelastic cross-sections for energies at which data are available. Whenever possible, we made comparisons between experimental total cross-sections and predictions following from isospin invariance. Finally the isospin decomposition (i.e. the I = 0, 1 crosssections) for NN + NN ir, NN ==&#x3E; d 7r, NN =&#x3E; NN 'TT' 7r and NN =&#x3E; d 7T 7T processes is performed.
Our main motivation comes from the study of the elastic nucleon-nucleon scattering and the reconstruction of the NN ==&#x3E; NN scattering amplitudes [1] . Indeed, information on inelastic scattering enters in the reconstruction of the elastic scattering matrix in several ways :
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphys:0198700480110190100 i) Total ii) The knowledge of the isospin I = 1 and I = 0 inelastic cross-sections and their energy dependences makes it possible to estimate the overall importance of absorptive effects. In particular, due to the lack of np data it was assumed in earlier performed phase-shift analyses that the I,= 0 phase shifts were purely real [2] . In terms of Rosenfeld's isospin decomposition formalism for the single-pion production cross-sections in the NN system [3] this assumption would imply aoi = 0. In our notation this means uo(NN'iT) = 0 (here uo(NN'iT) = 3 ool). We shall see below that the quantity aoi obtained directly from the data is actually quite large. The study of the structures in the energy dependence of the isosinglet and isotriplet cross-sections could even give hints on which particular phase shifts carry significant imaginary parts (inelasticities in partial waves due to various pion production diagrams are treated e.g. in Ref. [4] ).
iii) The values of inelastic total cross-sections 01'Renter as input data in the pp and np phase-shift analyses. Since the available experimental points are sparse [5] and the various reaction cross-sections needed to calculate o-R are not always measured at the same energy, the set of fitted curves may replace the data advantageously. A preliminary version [6] of the global fit presented in this paper and not substantially different from the final one, was used that way in the phase-shift analysis of reference [1] .
iv) A determination of the scattering amplitudes of inelastic reactions could be used via the unitarity equations to get further information on the elastic amplitudes. This is however beyond the scope of the present article.
Inelastic total nucleon-nucleon cross-sections, as well as the multiple-pion production cross Our experimental data basis is taken from the c6mpilation [5] [28, 29] was verified before using the latter data as direct reaction points (see Sect. 4.1). Several reactions have very sparse data but the measurements at KEK [7] have improved the situation. The total cross-sections for higher pion multiplicity were ignored, as well as the contribution of the reaction pp =:&#x3E; d 2 ir ' 7T-7rB
On the other hand the contribution of the total hyperon production cross-section is taken into account. It turns out that the sum of pp exclusive total cross-sections is a very good approximation of crR up to T -2.5 GeV. This is confirmed by the [6] where o-i and ao are the total nucleon-nucleon crosssections in the isospin states I = 1 and I = 0, respectively.
It follows from equation (3.1) that the same relation (3.2) holds for the elastic total cross-sections Ur¿t (pp) and el (np) . Hence the relation (3.2) also holds for the inelastic total cross-sections u R(pp ) and u R(np).
The total inelastic isotriplet and isosinglet crosssections can thus be directly calculated from the total pp and np inelastic cross-sections as :
From the point of view of isospin conservation alone, reactions involving different isomultiplets, different numbers of particles, etc., are independent. Equation (3.3) will hence hold for the contributions of different types of reactions to o-R and ur. Thus, e.g. for one-pion production we have :
Similar relations hold for two-pion production.
The consequences of isospin invariance for onepion production are well known [35] [36] [37] [38] [39] . In as much as we need them we shall reproduce some results here, using our notations. For [5] . Other data [7-22, 23-25, 27] [28, 29] . Both types of data were fitted together. Our fit is valid up to 4.2 GeV (shown up to 2.2 GeV in Fig. 3 ). The total cross-section has a quasi-symmetric peak with a maximum of 3.05 mb at 585 MeV and with half width T/2 = (-130, + 180 ) MeV. At the maximum this reaction contributes 28 % of the total inelastic cross-section. (9 data points) : similarly to the reaction 3) the total cross-section has again a quasi symmetric peak with the maximum value of 0.43 mb at 1520 MeV and T/2 = (-300, + 400 ) MeV (Fig. 5 ). This reaction contributes 1.6 % of the total inelastic cross-section at this energy. there is a lack of data below 1.5 GeV and the fit is rather uncertain at low energies. This fact has a negligible influence on the total inelastic cross-section since the reaction 6) contributes very little. We consider that our fit is valid below 6 GeV (Fig. 6) . It has similar behaviour as the fit for reaction 5). The cross-section reaches its maximum of 0.07 mb at (Fig. 7 ).
Reaction 8) pp =&#x3E; np 2 7T + 7r-(18 data points) : our fit is valid up to 28 GeV. The total cross-section reaches its maximum of 2.76 mb at -6.5 GeV and decreases to 1.57 mb at 26 GeV (Fig. 8 ).
Reaction 9) pp =&#x3E; pp 2 7To (+ m 7To ) (8 data points) : there is a lack of data above 2 GeV and we consider that our fit is valid up to 2.5 GeV only (Fig. 9) . The threshold is fixed empirically at 900 MeV.
Reaction 10) pp ==&#x3E; nn 2 7T + (+ m 7TO) (7 data points) : the total cross-section reaches its maximum ' of 2.26 mb at -7 GeV. We consider that our fit is valid up to 10 GeV (Fig. 10 ). 
Meaning of symbols :
the fit becomes uncertain beyond this energy. This reaction gives an important contribution to the total inelastic cross-section at higher energies (Fig. 11) . (Fig. 12) . The threshold is fixed empirically at 2 GeV.
Interestingly in the I = 1 case, reactions in which the total charge is transfered from the nucleons to the pions seem to dominate over those where the charge of the nucleon pair is conserved. Fig. 7. -Energy dependence of the total cross-section for the reaction pp =&#x3E; pp v ' 7r -7r * compared with existing data [5] . [5] . (Fig. 13) , containing contributions from the inelastic (Fig. 16) . The contribution of the reaction np + np iT * (+ m iT * ) can easily be obtained by subtracting a (pp ==&#x3E; dw + )/2 from the present fit.
-Reaction 2) np ==&#x3E; pp 7r -or nn 7r ' (48 Fig. 19 ). The total cross-section has a very broad maximum of 2.5 mb at -o-5 GeV. points of reaction 2) up to -1 GeV were incorporated in the total cross-section fit for this reaction.
Below 800 MeV the contribution of the reaction 6) to u R was replaced by the np =&#x3E; nn ir + part of reaction 2). We consider that our fit is valid up to 3 GeV (Fig. 21 ).
Reaction 7) np =&#x3E; np 2 7r ' 2 ir -(14 data points) : our fit is valid below 10 GeV. At lower energies it is mainly determined by the data of reference [18] . The total cross-section reaches slowly the maximum of 1.75 mb at -8 GeV (Fig. 22 ).
Reaction 8) np =&#x3E; np'TT+ 'TT-'TT°(+ m'TT°) (9 data points) : all the data are measured in one bubble-chamber experiment [22] which is likely to give slightly overestimated values above 2 GeV. The fit is valid below 10 GeV. The total cross-section reaches 10.8 mb at 2013 3.7 GeV and decreases to 5 .0 mb at 10 GeV (Fig. 23 ).
Reaction 9) np =&#x3E; ppit 1 2 iT-(12 data points) : our fit is valid below 9 GeV and at lower energies is mainly determined by the data of reference [18] (Fig. 24) .
Contrary to the pp case, reactions here in which the total nucleon charge is conserved seem to dominate at all considered energies. The missing reaction np ==&#x3E; dw° 1To can be evaluated by using equation (3.14b) but its maximal contribution be- [5, 22] . The total inelastic cross-section u ADD (np ) is slightly overestimated above 2 GeV due to systematics in the reaction 8). Consequently we have not used the data of u ADD(np) above 2 GeV in the global fit of uR(np). [24] . One can see that above 3 GeV the I = 1 and I = 0 total inelastic cross-sections are of the same magnitude. The I = 0 total cross-section plays an important role even below 600 MeV, and in any case cannot be neglected. Any other phase space treatment of pp or np channels (summation at the same CM momentum, at the same maximal pion energy, etc.) will not change this observation. Several theoretical consequences of isotopic spin invariance for nucleon-nucleon scattering were recapitulated in section 3. Let us now comment on the individual reactions.
5.1 THE NN + d7r REACTIONS. -Reactions of this type were studied in several papers [40] [41] [42] [43] . The consequences of the isospin conservation can be summarized as follows. i) Relation (3.7) must hold for all energies within the accuracy of the total cross-section measurements.
In particular all of the total cross-sections have the same energy dependence. Note, that practically in all existing measurements the total cross-section 0' (np =&#x3E; d1TO) data points are normalized to the a (pp ==&#x3E; dir + ) at least at one energy for each data set.
ii) The differential cross-sections of the three reactions also satisfy equation (3.7) at any energy and angle. Since the pp differential cross-section satisfies [33, [35] [36] [37] . Relation (3.11a) is satisfied within the limit of the statistical errors on the total cross-sections ; equations (3.11b, c) on the other hand cannot be effectively tested because of the lack of data on neutron-neutron reactions like nn =&#x3E; nn 'IT 0 , pn,7r -.
Relation (3.11d) can be compared to the data if we introduce a quantity R measuring deviations from this relation : [26] gives the same R value as shown in figure 31 . Using the LAMPF measurement at 795 MeV [27] we obtain the ratio R = -0.078 ± 0.015. From [44] ). The second type of corrections are electromagnetic ones that do violate isospin invariance. They could be accounted for in a manner similar to that used for three-body decays [45, 46] . Relation (3.11d) figure 31 . The resulting energy dependence shows compatibility with isotopic spin conservation with in 10 % up to 4 GeV. In the present experimental situation, imprecise data on the dominant np =&#x3E; npit* reaction near 1 GeV give a large deviation of about 10 % at this energy. This violation is dramatically reflected in the determination of the isosinglet cross-section u 0 (NN 'iT ) (Fig. 32) . 4 . While in general the isosinglet cross-sections are smaller than the isotriplet ones, the opposite relation holds for the two-pion production processes in some energy regions. This could be related to the possible existence of an I = 0 dibaryon resonance (or to some inelastic threshold effects).
5. For future nucleon-nucleon phase-shift analyses the main implication of the present work is that absorption effects in I = 0 amplitudes cannot be neglected and that imaginary parts of the corresponding phase shifts must be introduced. At energies of the order of 3 GeV and higher the isospin I = 0 and I = 1 channels contribute about equally to the np scattering (Figs. 27, 30 ). Below 1 GeV the dominant I = 0 contribution comes from the np =&#x3E; np7T* channel (the reaction np =&#x3E; d'iT° being forbidden in the I = 0 state). Resonances 
